Abstract-In frequency division duplex systems, it is extremely difficult to position the receiver (Rx) that belongs to another system, defined as the third-party Rx, because the sensors usually do not know which band the Rx uses for reverse transmission. In this letter, we propose a new method to position the third-party Rx based on the transmitted signal of the third-party transmitter (Tx). In particular, our method exploits the close-loop power control between the third-party transceivers because the Rx location determines the signal-to-interference-plus-noise ratio (SINR) of the Rx and the SINR further determines the transmission power of the Tx. Therefore, by measuring the transmitted signal of the Tx, the sensors are able to position the Rx. Simulation results indicate the effectiveness of the proposed method.
I. INTRODUCTION

I
N PRACTICE, positioning the third-party receiver (Rx) in frequency division duplex (FDD) systems is extremely difficult, but many applications require the location of the thirdparty Rx. Fig. 1 provides an example to show one of the applications in Ad Hoc networks, in which three pairs of users communicate via FDD and they occupy six frequency bands. Some sensors that belong to another system intend to estimate the physical topology of the six users. Using existing transmitter (Tx) positioning methods, the sensors can only obtain the six locations. They do not know the association relationship, i.e., which Tx serves which Rx. Therefore, the Rx positioning technique that obtains the Rx location for each specific Tx is critical for Rx-location-based applications.
In Rx positioning, the sensors need to use the transmitted signal of the Tx to position the corresponding Rx. This is the main technical challenge because the sensors do not know which frequency band the third-party Rx uses for reverse transmission. As a result, the transmitted signal of the Rx cannot be used to do the Rx positioning even though every Rx does transmit the signal in the reverse transmission. To the best of our knowledge, there is no existing work discussing the third-party Rx positioning in FDD system. While the global positioning system (GPS) is related to Rx positioning [1] , it belongs to self-positioning, i.e., the GPS Rx estimates its own location. The radar systems [2] , including the passive radar [3] , are also related to Rx positioning, but they do not distinguish the Tx and Rx. In other words, the specific Rx location is still unknown. Therefore, the third-party Rx positioning is still an open problem.
In this letter, we propose a new method to solve the Rx positioning problem by exploiting the activities of other wireless devices, called jammers, since they work in the same frequency band as the Rx and cause co-channel interference. In particular, the close-loop power control (CLPC) between the Tx and Rx is considered, which enables the power variation to carry the location information of the Rx. Therefore, it becomes possible for the sensors to position the Rx based on the received signal from the Tx. Fig. 2-(a) illustrates the system model of this letter, where a Tx is serving a Rx using a certain frequency band and some sensors intend to estimate the Rx location by measuring the wireless signals in the same band. Here, the Tx and Rx adopt the CLPC so that the Tx can adjust the transmission power to guarantee the target signal-to-interference-plus-noise ratio (SINR) of the Rx, labeled as γ T . During the Tx-Rx transmission, other wireless devices that work in the same frequency band, called Jammers and labeled as J 1 , J 2 , . . ., J N , are alternatively active 1 via time division multiple access (TDMA) protocol and cause interference to the Rx. As indicated in Fig. 2 -(b), we assume that N Jammers, occupying N time slots respectively, are alternatively active in each Tx-Rx transmission frame. Due to the CLPC, the Tx automatically adjusts the transmission power in each time slot to maintain the target SINR.
II. SYSTEM MODEL
In our model, we assume that the Tx is in the center of the disk 2 with the radius R. The Rx and N Jammers are uniformly distributed on the disk. For simplicity, we assume that during the positioning, all nodes are stationary and the transmission powers of the jammers are fixed 3 . We denote g n and s n as the path-loss and shadowing coefficients, where n = 0 is for the Tx-Rx link and 1 ≤ n ≤ N is for the Jammer-Rx links. According to [5] , the path-loss coefficient is g 0 = C/d α , where C is a constant, α is the path-loss coefficient, and d is the distance between two nodes. The shadowing coefficient s n follows log-normal distribution with the standard deviation of δ.
Based on the above definition, the received signal of the Rx at the n-th time slot can be expressed as
where i is the index of the samples, x 
0 is the transmission power of the Tx in the n-th time slot, p n is the transmission power of the n-th Jammer, and n (n) 0 (i) is the additive white Gaussian noise (AWGN) with zero mean and variance σ 2 . Then the average SINR of the Rx at the n-th time 1 Even though we assume that the jammers are alternatively active, the proposed method can be easily extended to the general scenario in which the jammers are randomly active without communicating with each other. 2 Here, we use the disk model without loss of generality since our method does not depend on the geometry model. 3 The proposed method can also be extended to the dynamic scenario that the Tx and jammers are aware of each other and react to their movements and powers through game theory, e.g. [4] . This will be treated in our future work. slot can be obtained by
To maintain the SINR to be the target value γ T , the transmission power of the Tx needs to satisfy
where the noise at the PR is ignored for simplicity. But, in the simulation section, we will consider the noise.
III. POSITIONING THE THIRD-PARTY RECEIVER
In third-party Rx positioning, the main difficulty is how to use the transmitted signal of the Tx to estimate the location of the corresponding Rx. Here, our idea is to exploit the CLPC between the Tx and Rx because the Rx location mainly determines the SNIR of the Rx and the SINR further determines the transmission power of the Tx. Therefore, by observing the transmitted signal of the Tx, the sensors are able to position the Rx.
In the following, we first formulate the Rx positioning as a maximum-likelihood estimation problem. Then we use an alternating optimization algorithm to estimate the Rx location.
A. Problem Formulation
Taking the logarithm operation on (3), we obtain 10 log s 0 γ T + 10 log p (n) 0 p n + 10 log g 0 g n = 10 log s n .
Let Z = 10 log(s 0 /γ T ), X n = 10 log( p (n) 0 /p n ), A n = 10 log(g 0 /g n ), the above expression can be simplified to Z + X n + A n = 10 log s n .
Since the shadowing coefficient s n follows the log-normal distribution, 10 log s n follows normal distribution. Then the ratio of the transmission powers of the Tx and the n-th Jammer follows normal distribution, i.e.,
In (6), X n is the value that is determined by the transmission powers of the Tx at the n-th time slot and the n-th Jammer, Z is a constant for fixed Tx and Rx locations, and A n is the ratio of the path-loss coefficients of the Tx-Rx and Jammer-Rx links. In practice, since the sensors can receive the wireless signal from the Tx and N Jammers, they can use conventional estimation and positioning techniques to obtain their transmission powers and the locations 4 . Therefore, the variable X n in (6) can 4 Since the scope of this letter is to investigate the estimation algorithm about the Rx, we do not discuss the specific algorithms to estimate the transmitters, including both Tx and jammers. Instead, we assume that the locations of the Tx and N Jammers, denoted as (x 0 , y 0 ) and (x n , y n ), are known to the sensors. We also assume that the transmission powers of the Tx and N Jammers, i.e., p (n) 0 and p n , are known to the sensors. When we evaluate the performance, we will consider the imperfection of such information and show the impacts on the proposed method.
be treated as the observations and the sensors can estimate the Rx location by calculating the following likelihood function 5 max
where (x, y) is the Rx location and f (·) is the probability density function (PDF) of the normal distribution. Next, we find the Rx location (x, y) and the constant Z to maximize the likelihood function in (7). Specifically, since the feasible value of X n ranges from negative infinity to positive infinity, we cannot use the exhaustive search to obtain the optimal solution. In the next section, we develop an alternating optimization method that obtains the reasonable performance.
B. Rx Positioning Using Alternating Optimization
This subsection develops an alternating optimization algorithm to obtain the Rx location. Taking the logarithm operation on (7), we obtain
In (8), since the term N ln 1 √ 2πδ 2 and the common denominator 1/(2δ 2 ) are both constant, the problem (7) can be simplified to
In the following, we alternatively obtain the value Z and the Rx location (x, y).
• Obtain the Value Z under an Rx Location: Given the initial Rx location (x(0), y(0)), the problem (9) can be further simplified to
where
In (10), it is a convex function in terms of Z and the minimum value can be obtained at In the following, we first assume that the location and the transmission powers of all transmitters, including the Tx and N Jammers, are perfectly known to the sensors. Based on this assumption, we choose the proper parameters for our method. Then we provide the RMSE performance of our method under imperfect locations and powers. Fig. 3 demonstrates the RMSE of the proposed Rx positioning method versus the number of the iteration, denoted as K , where N = 50 time slots are considered. From the figure, the RMSE reduces as the number of the iteration K grows from 1 to 30. When the number of the iteration is larger than 30, i.e., K > 30, the RMSE becomes a constant. Thus, the number of the iteration is set to K = 30 for the rest of the simulations. Furthermore, when we observe the RMSE curves with different standard derivations of the shadowing, they have the same trend and the curve with the smallest deviation has the best RMSE performance. Fig. 4 provides the RMSE performance versus the number of the time slots N . From the figure, we observe the similar trend as in Fig. 3 . In particular, when the number of the time slots is larger than 50, i.e., N > 50, the RMSE becomes constant. Therefore, we choose N = 50 for the rest of the simulations. Fig. 5 provides the RMSE performance under imperfect locations and powers. Here, the imperfect Tx or Jammer location is modeled as (x , y ) = (x a + e x , y a + e y ), where (x a , y a ) is the true location of the Tx or the Jammers, and e x and e y are the Gaussian random variables with the mean zero and the variance δ 2 L . In addition, the imperfect power value of the Rx or Jammer is modeled as p = p a + e p , where p a is the true power and e p is a Gaussian random variable with the mean zero and the variance δ 2 p . From the figure, when the location error is equal to 0, i.e., δ L = 0 m, the RMSE curves linearly increase as the standard derivation δ p grows. In particular, the curves with different standard derivations of the shading have the same trend, where the one with the smallest standard deviation has the lowest RMSE. On the other hand, when we consider the location error, i.e., δ L = 5 m, the RMSE curves have the similar trend. In particular, we observe about 2 m performance gap compared with the curves without location error, i.e., δ L = 0 m. For the typical scenario with the location error at δ L = 5 m, the power error at δ L = 5 dBm, and the shadowing at δ = 4, the RMSE of the proposed method is about 10 m. In addition, if we extend the radius R to 500 m, the RMSE is still about 10%.
A. Determine the Parameters
B. Demonstrate the Performance
V. CONCLUSIONS
In this letter, we proposed a third-party receiver positioning method in FDD systems. We found that by observing the transmitted signal from different transmitters, including both Tx and Jammers, the sensors can estimate the location of the receiver. Simulation results indicated that the proposed method can effectively obtain the location of the receiver even under some imperfect conditions.
As the future work, the proposed method can be further extended to more general scenarios, e.g., the transmitter and jammers are aware of each other and react to their movements and powers.
